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Project Summary:

Processes on land are responsible for uptake and release of a significant portion of the
carbon exchanged with the atmosphere each year. Converting forests to agricultural
land, for example, adds carbon to the atmosphere above what would be exchanged
through biospheric processes. Conversely, some processes such as forest regrowth
and the extension of woody shrubland are likely taking up some of the anthropogenic
carbon released, and are a “sink” for carbon. Some land management techniques have
been found to increase carbon storage and have been included in voluntary carbon
trading markets and policy frameworks being considered. While a significant amount of
research effort has been devoted to measuring carbon exchange and characterizing
carbon sinks from a biophysical perspective, less effort has been devoted to
characterizing the decision making processes that control land use processes on land
as they pertain to carbon.

Most decisions about land use are made at the local level, but governed by influences
at a wide variety of scales, including local zoning policy, county and state tax code,
market dynamics for commaodities, cultural norms, national agricultural and even energy
and environmental policy. While biophysical research may be able to indicate a
significant potential for additional carbon storage based on vegetation types and land
management practices, this potential can only be realized if decision making is aligned
with priorities for storing carbon. It is therefore important to understand land use
decision making drivers and the scales at which influences on decision making operate
in order to understand the true potential for carbon storage on land, and the barriers and
challenges for policy in this area.

This research project examined the characteristics of the land ownership pattern and its
relationship to carbon stores and fluxes, the influences on decision making for public
and private sector land managers, how carbon currently factors into decision making,



and the sources from where decision makers obtain information. The last issue is
relevant for other research efforts, including the North American Carbon Program, which
is interested in decision support for carbon management and decision making but which
does not yet have strong evidence for what and how information is needed at different
scales of decision making. We focus here on land use decision making in two states,
Colorado and Pennsylvania, which have contrasting land use histories, vegetation types
and ownership patterns. We used GIS, interviews with decision makers, and policy
documents to investigate the land use decision making landscape for carbon at different
scales.

Introduction

Land use is a key process that affects the global distribution of carbon through
agriculture and forestry activities. Most climate change policies, including Colorado’s
Climate Change Action Plan (CCAP 2007) and the recently proposed Waxman-Markey
bill (H.R. 2454), promote land management as a means to ameliorate the concentration
of atmospheric carbon dioxide. The land use pattern and its attendant carbon impacts
are a manifestation of a complex set of policy, economic, and cultural drivers that are
channeled and expressed through individuals making decisions about land use.
Methods to improve carbon sequestration through vegetation and soil management
have been described as low cost, short-term means for mitigating a significant portion of
future emissions (Kinsella 2002). However, estimates of the technical potential of
carbon sequestration on land in different land cover types or under different
management practices focus primarily on the private sector and are determined
primarily by economic and/or crop models (Buyanovsky and Wagner 1998, Conant and
Paustian 2002, Sperow et al 2003, Pacala and Socolow 2004, Antle et al 2007) when in
fact other diverse and nonmonetary benefits often significantly influence land
management decisions (Koontz 2001). Carbon research frequently does not take into
account whether the decision maker will in fact pursue the necessary steps to maximize
carbon storage on the land or address carbon sequestration potential on non-private
lands.

A range of goals and influences drive land use decision makers (Lambin et al. 2001,
Koontz 2001). To understand how decision makers might influence the outcome of
carbon stock changes and fluxes on land, it is necessary to understand both the types
of decision makers and what drives their decision making. In the United States, there is
a complex range of decision makers determining the pattern of land use (Lubowski et al
2006) and attendant carbon storage (Dilling 2007). A significant portion of land
nationwide (37%) is owned and managed by the public sector, either through federal
agencies or through states and local governments. The majority of land is owned by
private individuals and corporations (60%) and a small fraction (1%) are tribal lands
(Lubowski et al 2006). In reality, all decision makers have choices about what to do with
the land they manage, but the stewardship priorities that influence those choices differ



between public and private land managers and among different land management
sectors and agencies. Land management priorities, in other words, are a key factor in
whether or not the technical potential for additional carbon storage on land will be
realized. While many policies aim to enhance carbon sinks, this study analyses the
land tenure and management practices for existing carbon stocks and fluxes as a first
step in characterizing what we term the carbon stewardship landscape. If policies come
into effect that target particular land cover types in order to enhance sequestration, land
tenure and management patterns will be critical to understanding how technical carbon
sequestration might translate into actual carbon sequestration in the vegetation and
soils.

General Methods

Our study presents here a first-order look at how terrestrial carbon stocks and fluxes are
currently distributed by land ownership category and considers what this might mean for
additional carbon sequestration potential. Because they present a microcosm of the
diversity of land ownership types in the U.S., we chose to focus on Colorado and
Pennsylvania as our initial test cases for different parts of the project.

We evaluated the carbon stewardship landscape in Colorado by examining Colorado’s
land tenure and land cover patterns, calculating estimates of carbon flux and stock by
land ownership category and considering the implications of understanding land
stewardship for assessing carbon sequestration potential on land. We have completed
a first look at how carbon storage maps on to vegetation cover, and by proxy, carbon
stocks and fluxes using GIS analysis. We created a geographic information system
(GIS) to analyze existing spatial vegetation and stewardship data in Colorado and to
combine vegetation data with published estimates of vegetation carbon stock and flux in
order to evaluate the state’s carbon stewardship. We used Colorado Ownership,
Management and Protection (COMaP) (Theobald et al 2008) and LANDFIRE Existing
Vegetation Type data (USGS 2008) in our GIS. We conducted a literature review and
compiled carbon stock and flux estimates from published studies and reports as well as
from an unpublished report by Conant et al (2007). Although we sought measurements
specific to Colorado, we had to rely on calculations from the western and contiguous
U.S. when Colorado-specific data were not available. Estimates that evaluated both
vegetation and soil carbon were preferred, but we also considered soil carbon
measurements when combined vegetation and soil carbon values were not available.
We converted all published carbon data into megagrams of carbon (Mg C) and all area
measurements into hectares (ha). Negative flux values represent carbon sequestered in
vegetation and soils (sinks) whereas positive values correspond to carbon released to
the atmosphere (sources) (Failey and Dilling, submitted, table 1).



Table 1: Fluxes and stocks of carbon in Colorado (from Failey and Dilling, submitted)

Flux range Stock range
Land cover type [Area (Mha)] (Mg C ha™ yr') (Mg C ha')
Water/Snow/Ice [0.20] — —
Riparian/Wetland [0.53] 0.61° to -0.24° 198.60* to 1540.49°
Barren/Sparsely vegetated [0.56] — —
Developed [0.70] -0.31* to -3.83° 632 to 47.58¢
Agriculture [4.05] 0* to -0.22° 16.62° to 95.10°
Forest [8.43] -0.57° to -1.21° 102.38" to 224.83"
Grassland/Shrubland [12.50] 0.03¢ to -0.07¢ 4777 to 107.44°
*CCSP 2007
® Chimmer & Cooper 2003
‘Kaye et al 2005
¢ Conant et al 2007
¢ Pacala et al 2001
"Goodale et al 2006

We also looked in detail at land use decision making in Pennsylvania and Colorado
through case studies. Both Pennsylvania and Colorado have been exploring how to
better manage lands within the states for carbon sequestration. In Pennsylvania, we
conducted research examining what types and scale of information would be usable to
state public lands managers through conjoint analysis. In Colorado, we interviewed
over 30 land managers in both public and private sectors to understand the influences
and priorities for decision making at different scales. In Colorado we interviewed 15
federal land managers, 12 private owners (ranchers and farmers), and a few state and
tribal land managers.

Results

In Pennsylvania, we found that state land use managers in forestry were fairly pleased
with the information they were using to manage forests, although it was unclear how
needs would change if carbon sequestration became a top policy priority. Policy
managers were generally pleased with larger scale information on the impacts of
climate change on forests, and required smaller scale information for actually making
management decisions (Vanderbrink 2008).

Colorado is a western state measuring approximately 26.96 million hectares (Mha) in
size and has a stewardship pattern similar to the rest of the U.S. with majority
ownership held by the private sector and federal government agencies having the
second largest stake in land holdings (Lubowski et al 2006). The three institutions with



the largest stake in Colorado’s land management are the private sector (57%), the
USFS (22%) and the BLM (13%). The other land stewards in Colorado are the State
(5%), other federal government agencies (i.e. Department of Energy and National Parks
Service) (2%), and cities, counties and other districts (1%); Native American tribes
manage 1% of Colorado’s land in the southwestern corner of the state (figure 1a).
Similarly, Colorado’s vegetation cover pattern parallels that of the U.S. as a whole
(Lubowski et al 2006, Lal et al 2003). Grassland/shrubland is the primary land cover
(46%) followed by forests (31%) and agriculture (15%); developed land (3%),
barren/sparsely vegetated (2%), riparian/wetlands (2%), and water (1%) cover the
remainder of Colorado (figure 1b).
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The stewardship flux and stock range estimates positively correlate with land area; the
larger the land area the greater the flux and stock managed by the area’s steward (table
2). The private sector manages the greatest land area in the state and the largest
current carbon flux (-1.02 Tg C yr to -6.48 Tg C yr) and stock (733 Tg C to 2150 Tg
C). The USFS carbon flux (-2.31 Tg C yr* to -5.33 Tg C yr') is a close second to the
private sector and the agency manages the second largest carbon stock (512 Tg C to
1296 Tg C) in Colorado. The BLM and the State are the third and fourth largest carbon
flux and stock managers, respectively (Table 2).

Table 2. Colorado carbon stewardship range of estimates of flux and stock

Landowner Area Flux range Stock range
(Mha) (Tg Cyr) (Tg )

Private 15.37 -1.02 to -648 733 to 2150
USFS 5.84 -231 to -533 512 to 1296
BLM 3.37 -0.740 to -1.97 250 to 645
State 1.31 -007 to -0.39 71.8 to 187
Other Federal 0.54 -0.079 to -0.26 3277 to 88.1
Native American 0.31 -008 to -0.21 223 to 54.6
City/County/Other ) 3 003 to -0.15 137 to 433

Districts

It is clear that factors at multiple scales influence decision making for both the public
and private sector in Colorado. The private sector is influenced by a number of factors.
Of course economic viability was a primary concern, but other factors such as ease of
record keeping requirements, values about the land, water rights and availability, as well
as access to various incentive programs for land conservation were also important
drivers. Decision making in the public sector is governed by plans and processes
subject by law to public input and scrutiny. The National Environmental Protection Act
(NEPA) is the primary mechanism by which the public provides input into how the
Bureau of Land Management (BLM), Forest Service (FS) and other federal agencies
make decisions. Each field office generally has a 15 year plan which sets broad
guidance for the proportion of land reserved for each type of activity, such as recreation,
grazing, oil and gas leasing, timber harvest, etc.

Both the Department of Interior and US Forest Service have issued mandates to
consider climate change, but how this translates into decisions on the ground at the field
office scale is currently being worked through. Many of those interviewed expressed
that they were aware of the need to figure out how to manage for climate change, but
were challenged by how the available climate change information related to the scale at



which decisions were being made (Dilling and Failey in preparation). The “accumulated
impact” of decisions on climate change as a whole was one issue in particular that was

mentioned and for which there was no clear way to resolve with the legal structures and
currently available science.

Because of the uncertainty for how to deal with climate in the decision making
framework, and because of the immediacy of many of the existing mandates for
decision making, climate change and carbon management is on the radar screen for
many of these agencies, but does not currently drive decision making compared to
other uses and events such as the pine beetle outbreak or considering new recreational
needs in Colorado.

A common thread that emerged from the research in both Colorado and Pennsylvania
was the fact that carbon was not yet a deciding factor in making management decisions
in either state. Other factors such as environmental concerns, economic viability,
existing practices and limitations, and decision autonomy dominated the responses for
why decision makers might not yet be valuing carbon sequestration as a primary goal of
land management. This may change of course as carbon storage becomes a more
important issue in the future.

Conclusions

Previous studies calculated the potential carbon sequestered on lands that adopt
recommended management practices (RMPs) (Lal et al 2003, Heath et al 2003, Conant
et al 2001), but seemingly do not account for the entire carbon stewardship landscape,
which greatly impacts the ability for carbon management practices to be employed.
Carbon is currently a secondary concern at best among the demands for land services.
Studies are still inconclusive but some evidence indicates that primary needs (i.e.
reducing erosion, mitigating for fire, and producing lumber) can be compatible with
carbon management practices (CCSP 2007, Hurteau et al. 2008, North et al. 2009).
The U.S. Federal Government has yet to issue mandatory guidance to manage for
carbon, and public land managers frequently have more pressing demands such as
tourism and resource extraction. The economics of various options as well as external
influences such as energy policy (e.g. incentives for biofuel production) also strongly
determine which practices might be implemented whether on private or public lands.
Moreover, many private land managers are unwilling to take the risk and change their
management practice to implement voluntary carbon management practices given the
current economic incentives and contract design, and the uncertain impacts on
agricultural production (Dilling and Failey in prep).

Although quantitative estimates of the impact of land-use change and different
management practices are highly uncertain, carbon accounting may become a critical
carbon management component, increasing the need for improved data (CCSP 2007).



Applying estimates of fluxes and stocks provides a first-order look at the carbon
landscape, but a more realistic estimate of potential additional carbon storage can be
obtained by including ownership categories. Terrestrial carbon sequestration practices
will need to be adopted extensively in order to have any significant impact in reducing
atmospheric carbon dioxide (Pacala and Socolow 2004) and any policies to incentivize
sequestration must consider the decision making and stewardship landscape.

A first look at the carbon stewardship landscape reveals a complicated set of ownership
patterns and vegetation types. Coupled with diverse incentives not yet focused on
carbon considerations, this landscape represents a challenge for both research and
policy focused on enhancing carbon sequestration on land. For private land owners, in
addition to weak incentives, not all land types or counties are yet eligible for the existing
voluntary market options (CCX 2009). The potential role of public lands in sequestering
additional carbon through management has been recognized, but processes and
procedures are not yet implemented on the ground to make carbon storage a priority.
Moreover, the impact of the multiple competing uses for public lands on carbon storage
is uncertain, and how these tradeoffs will be negotiated remains to be seen. Future
efforts should consider the carbon stewardship landscape, including institutions,
policies, and values, to obtain more realistic estimates and, ultimately, more effective
policies for carbon sequestration.

References Cited

Antle J M, Capalbo S M, Paustian K and Ali M K 2007 Estimating the economic
potential for agricultural soil carbon sequestration in the Central United States
using an aggregate econometric-process simulation model Clim. Change 80 145-
171

Buyanovsky G A and Wagner G H 1998 Carbon cycling in cultivated land and its global
significance Glob. Change Biol. 4 131-141

CCSP 2007 The First State of the Carbon Cycle Report (SOCCR): The North American
Carbon Budget and Implications for the Global Carbon Cycle. A Report by the
U.S. Climate Change Science Program and the Subcommittee on Global Change
Research [King, A.W., L. Dilling, G.P. Zimmerman, D.M. Fairman, R.A.
Houghton, G. Marland, A.Z. Rose, and T.J. Wilbanks (eds.)]. National Oceanic
and Atmospheric Administration, National Climatic Data Center, Asheville, NC,
USA, pp 242

Chicago Climate Exchange (CCX) 2009 CCX Offset Project Protocol: Agricultural Best



Management Practices — Continuous Conservation Tillage and Conversion to
Grassland Soil Carbon Sequestration Available online at:
http://www.chicagoclimatex.com/content.|sf?id=781 (Last accessed September
2009)

Chimmer R A and Cooper D J 2003 Carbon dynamics of pristine and hydrologically
modified fens in the southern Rocky Mountains J. Can. Bot. 81 477-491

CCAP 2007 Colorado Climate Action Plan: A Strategy to Address Global Warming

Available online:

www.colorado.gov/enerqgy/in/uploaded pdf/ColoradoClimateActionPlan 001.pdf

(Last accessed January 2008)

Conant R T, Paustian K and Elliott E T 2001 Grassland management and conversion
into grassland: Effects on soil carbon Ecol. App. 11 343-355

Conant R and Paustian K 2002 Potential soil carbon sequestration in overgrazed
grassland ecosystems Glob. Biogeochem. Cycles 16 1143
doi:10.1029/2001GB001661, 2002.

Conant R, Ojima D and Paustian K 2007 Report: Assessments of Soil Carbon
Sequestration and Greenhouse Gas Mitigation in Colorado’s Land Systems pp
24

Dilling L and Failey E L in preparation Land use decision making as a driver of carbon
sequestration at multiple scales: A Colorado case study

Dilling L 2007 Toward carbon governance: Challenges across scales in the United
States Glob. Environ. Pol. 7 28-44

Failey, E.L. And Dilling, L. [2010] Towards effective policy for land carbon sequestration:
Recognizing the carbon stewardship landscape. In review with Environmental
Research Letters

Goodale C et al 2006 Forest carbon sinks in the northern hemisphere Ecol. App. 12

891-899

Heath LS, Kimble J M, Birdsey R A and Lal R 2003 The potential of U.S. forest soils to
sequester carbon The potential of U.S. Forest Soils to Sequester Carbon and
Mitigate the Greenhouse Effect ed Kimble J M, Heath L S, Birdsey R A and Lal R
(Boca Raton, FL: CRC/Lewis Publishers) pp 385-394



Hurteau M D, Koch G W and Hungate B A 2008 Carbon protection and fire risk
reduction: toward a full accounting of forest carbon offsets Frontiers in Ecol. and
the Environ. 6 493-498

Kaye J P, McCulley R L and Burke |1 C 2005 Carbon fluxes, nitrogen cycling, and soll
microbial communities in adjacent urban, native and agriculture ecosystems
Glob. Change Biol. 11 575-587

Kinsella J 2002 Sequestering Carbon: Agriculture's Potential New Role Agricultural
practices and policies for carbon sequestration in soil ed Kimble J M, Lal R and
Follett and R F (Boca Raton, FL: Lewis Publishers) pp 357-375

Koontz T M 2001 Money talks? But to whom? Nonmonetary motivations in land use
decisions Soc. and Nat. Resour. 14 51-65

Lal R, Follett R F and Kimble J M 2003 Achieving soil carbon sequestration in the
United States: A challenge to the policy makers Soil Sci. 168 827-845

Lambin E F et al 2001 The causes of land-use and land-cover change: moving beyond
the myths Glob. Environ. Change 11 261-269

Lubowski R N, Vesterby M, Bucholtz S, Baez A and Roberts M J 2006 Major Uses of
Land in the United States, 2002 Econ. Info Bulletin 14 pp 54

North M, Hurteau M and Innes J 2009 Fire suppression and fuels treatment effects on
mixed-conifer carbon stocks and emissions Ecol. App. 19 1385-1396

Pacala S W et al 2001 Consistent land- and atmosphere-based U.S. carbon sink
estimates Science 292 2316-2320

Pacala S and Socolow R 2004 Stabilization wedges: Solving the climate problem for the
next 50 years with current technologies Science 305 968 - 972

Sperow M, Eve M and Paustian K 2003 Potential soil C sequestration on U.S.
agricultural soils Clim. Change 57 319-339

Theobald D M, Wilcox G, Linn S E, Peterson N and Lineal M 2008 Colorado Ownership,
Management, and Protection v7 database Human Dimensions of Natural
Resources and Natural Resource Ecology Lab, Colorado State University, Fort
Collins, CO Available by request: www.nrel.colostate.edu/projects/comap
(Received data September 26, 2008)

U.S. Department of Interior, Geological Survey. The National Map LANDFIRE:

10



LANDFIRE National Existing Vegetation Type layer. (2008, October - last
update). U.S. Department of Interior, Geological Survey. Available online:
http://gisdata.usgs.net/website/landfire/ (Last accessed October 31, 2008)

Vanderbrink K J 2008 Assessing DCNR'’s scientific information needs for carbon

sequestration in Pennsylvania. MS Thesis, Pennsylvania State University

PROJECT DELIVERABLES

Publications

Dilling, L. 2007. Toward carbon governance: Challenges across scales in the United
States. Global Environmental Politics, 7:2 May 2007.

Vanderbrink, K. 2008. Assessing DCNR's scientific information needs for carbon
sequestration in Pennsylvania. The Pennsylvania State University, State College PA.
Master's Thesis.

Failey, E.L. And Dilling, L. [2010] Towards effective policy for land carbon sequestration:
Recognizing the carbon stewardship landscape. In review with Environmental
Research Letters.

Dilling, L. And E.L. Failey. [2010] Land use decision making as a driver of carbon
sequestration at multiple scales: A Colorado case study. To be submitted.

Sample Conference Presentations

Dilling, L. Toward Carbon Governance: Challenges for science and policy across
scales. American Association of Geographer’s Meeting, Denver, CO, April 2005.

Dilling, L. “Usable” Carbon Cycle Science: Exploring the nexus of carbon cycle science
and carbon management at different scales.” Seventh International Carbon Dioxide
Conference. Broomfield, CO, September 25-29th, 2005.

Dilling, L., Easterling, W.E. And K. Vanderbilt. Cross-scale carbon governance
challenges in the United States. Oral presentation at the “First International Conference
on Carbon Management at Urban and Regional Levels: Connecting Development
Decisions to Global Issues” in Mexico City, Mexico, September 4-8, 2006.

Dilling, L. “Usable” carbon science: Supporting carbon governance and decision making

across scales. Institute for the Study of Society and Environment, NCAR. March 9,
2007.

11



Dilling, L. “Usable” carbon science: Supporting carbon governance and decision making
across scales. Institute for Behavioral Sciences, University of Colorado. Dec. 3, 2007.

Dilling, L. Scales of decision-making in land use and carbon management. Geography
Colloquium, University of Colorado. Feb. 29", 2008

Dilling, L. "The Usefulness of Carbon Science for Decision-Making," invited talk at
"Designing Climate Change Policy: Implementing California AB 32," University of
Southern California. May 21-22, 2008.

Failey, E and L. Dilling. Understanding Human Decision Making as a Driver for Carbon
Sequestration on Land. Poster presentation at the American Geophysical Union Fall
meeting, San Francisco, CA, December 17th, 2008.

Dilling, L. and E L. Failey. Management of carbon across sectors and scales: Insights
from land use decision making. Oral presentation at the American Geophysical Union
Fall meeting, San Francisco, CA, December 19th, 2008.

Dilling, L. and E. Failey. Land use decision making as a driver of carbon sequestration
at multiple scales: A Colorado case study'. Plenary Presentation, North American
Carbon Program Principle Investigators’ Meeting, San Diego, CA, February 20th, 2009.

Dilling, L. Social Science and Decision Support in Carbon Cycle Science Planning.
Invited Presentation, Ocean Carbon and Biogeochemistry meeting, Woods Hole, MA,
July 19-21, 2009.

Dilling, L. and Failey. Land management and carbon sequestration in Colorado:
Characterizing the “Carbon Stewardship” landscape. RASEI Symposium, October 21,
2009.

Dilling, L. Providing policy-relevant information for greenhouse gas management:
Perspectives from science and technology policy research. Invited Presentation, AGU
Fall Meeting, San Francisco, CA Dec. 14-19, 2009

Informing Decision Making

Dilling, L. Carbon management strategies. Invited presentation for the Denver Regional
Council of Governments. Nov. 20", 2008.

Kelly Vanderbrink, Master’s student at Penn State supported by this project, and Dr. Bill
Easterling, Professor at Penn State, are both members of the Carbon Management
Advisory Group of the State of Pennsylvania Department of Conservation and Natural
Resources and have brought research to state officials and others.
http://www.dcnr.state.pa.us/carbon/

12



